INTRODUCTION
Almost all important aspects of physiological thermoregulation involve the integration of complex bodily changes influencing the fundamental physical processes which govern heat exchange between an object and its environment. In practice the characteristic deep body temperature of a species represents a balance established between heat generated by metabolic and muscular activity on the one hand, and that dissipated to the environment by conduction, convection, radiation, and evaporation of moisture on the other.
With respect to the particular problems of maintaining thermal homeostasis in warm conditions, birds are notable for their high body temperatures, typically some 3 -4°C above mammals, their lack of sweat glands, and the remarkable efficiency of the thermal insulation provided by feathers. While the first of these undoubtedly confers an advantage relative to mammals, the others imply that heat loss by evaporation from the general body surface must be slight. Thus, although under moderate conditions, with ambient temperature less than that of the body, a degree of heat dissipation can occur by physical transfer to the air or ground, a further increase in the temperature of the environment will reduce the efficiency of these processes and throw more and more emphasis on the only remaining mechanism, that of evaporative cooling from the respiratory tract. Indeed, when ambient temperature exceeds that of the body, such cooling becomes the sole avenue for heat loss. However, panting in the feathered bird may be considered a direct and efficient means of dissipating body heat by evaporation, for the heat of vaporization of every gram of water evaporated from the respiratory tract represents virtually the same quantity of heat removed from the body core ; by contrast, the heat of vaporization of water evaporated from any external surface is derived in part from the environment as well as the core. Nevertheless, panting is not necessarily a more efficient heat-loss mechanism than sweating ; phylogenetically it is the more primitive form, while the considerable respiratory adjustments involved always represent at least a potential danger to the maintenence of a normal acid-base equilibrium.
The present review is restricted to three main objectives : i. To summarize the available data on the mechanism and efficiency of thermal panting against a background of our present knowledge of avian respiratory function ;
2 . To present the current information on the nervous control of polypnoea in birds as compared with that known for mammals ; 3 . To consider the effects of panting on the acid-base status of the blood. The relevant mammalian work has been reviewed most recently by HARDY (ig6i), Bi, iGH ( 19 66) and HAMMER (ig68).
1. (1963 a, b) and R I C HARDS ( 19 6 9 ), and the more important earlier literature was reviewed by KING (ig66). During hyperthermia S AALF E LD (zg 3 6) and S I . N HA (1959) showed that bilateral vagotomy in pigeons had little effect on panting frequency despite the considerable reduction which always occurred at normal body temperature. In the fowl, however, H W s'rAno and R.aVVat,r, (tg!2) and R ANDALL and HIES-T AXD (rg!2) found that vagotomy immediately abolished panting, and this has now been shown in the duck and quail ( fig. 3 ) (fig. 4 ) (table z) , the decrease in pC0 2 of the blood indicated a threefold increase in the passage of air over the gas exchange surfaces of the lung, even though the percentage of the total respiratory air flow passing over these surfaces was diminished.
In the fowl, I,irrsr,!y and BURGER ( 19 6 4 ) measured a profound respiratory alkalosis in cockerels exposed to 45°C ambient temperature and found the maximum rise in pH and fall in pCO, and bicarbonate ion concentration to occur during the « second phase panting, which indicated an increased parabronchial ventilation even after the decline from maximum frequency of breathing. M UELLER ( 19 66), using White Leghorn pullets, described a small shift in the acid-base balance in the direction of respiratory alkalosis as a result of transferring his birds from i 3° to 34°C environmental temperature. F RANKEL and FxASC!!!a ( 19 68) likewise showed with male birds of the same breed that thermal panting involves an increase in alveolar-arterial blood gas exchange. Arterial 
